Induction of endothelial cell apoptosis by lipid hydroperoxide-derived bifunctional electrophiles.
Endothelial dysfunction is considered to be the earliest event in atherogenesis. Oxidative stress, inflammation, and apoptosis play critical roles in its progression and onset. Lipid peroxidation, which occurs during oxidative stress, results in the formation of lipid hydroperoxide-derived bifunctional electrophiles such as 4-hydroxy-2(E)-nonenal that induce apoptosis. In this study, recently identified lipid hydroperoxide-derived bifunctional electrophiles 4-oxo-2(E)-nonenal (ONE; 5-30 microm) and 4,5-epoxy-2(E)-decenal (EDE; 10-20 microM) were shown to cause a dose- and time-dependent apoptosis in EA.hy 926 endothelial cells. This was manifest by morphological changes, caspase-3 activation, and poly(ADP-ribose) polymerase cleavage. Bifunctional electrophiles caused cytochrome c release from mitochondria into the cytosol, implicating a mitochondrial pathway of apoptosis in the endothelial cells. The novel carboxylate-containing lipid hydroperoxide-derived bifunctional electrophile 9,12-dioxo-10(E)-dodecenoic acid was inactive because it could not translocate across the plasma membrane. However, its less polar methyl ester derivative (2-10 microM) was the most potent inducer of apoptosis of any bifunctional electrophile that has been tested. An acute decrease in intracellular glutathione (GSH) preceded the onset of apoptosis in bifunctional electrophile-treated cells. The ability of ONE and EDE to deplete GSH was directly correlated with their predicted reactivity toward nucleophilic amino acids. Liquid chromatography/mass spectrometry methodology was developed in order to examine the intracellular and extracellular concentrations of bifunctional electrophile-derived GSH adducts. Relative intracellular/extracellular ratios of the GSH adducts were identical with the rank order of potency for inducing caspase 3 activation. This suggests that there may be a role for the bifunctional electrophile-derived GSH adducts in the apoptotic response. N-Acetylcysteine rescued bifunctional electrophile-treated cells from apoptosis, whereas the GSH biosynthesis inhibitor d,l-buthionine-(R,S)-sulfoximine sensitized the cells to apoptosis. These data suggest that lipid hydroperoxide-derived bifunctional electrophiles may play an important role in cardiovascular pathology through their ability to induce endothelial cell apoptosis.